Objective: To investigate whether specific values of or changes in temperature, white blood cell count, or neutrophil percentage were predictive of bloodstream infection in burn patients.
cultures from which microorganisms were recovered. Organisms that were recovered from blood cultures included 80 that were gram negative, 54 that were gram positive, 3 that were mixed gram positive/gram negative, and 3 yeasts. Although white blood cell count and neutrophil percentage at the time of the culture were statistically different between patients with and patients without bloodstream infection, receiver operating characteristic curve analysis revealed these values to be poor discriminators (receiver operating characteristic curve area = 0.624). Temperature or alterations in temperature in the preceding 24-hour period did not predict presence, absence, or type of bloodstream infection.
Conclusions:
Temperature, white blood cell count, neutrophil percentage, or changes in these values were not clinically reliable in predicting bloodstream infection. Further work is needed to identify alternative clinical parameters, which should prompt blood culture evaluations in this population.
Arch Surg. 2007 ;142 (7) : [639] [640] [641] [642] I NFECTION REMAINS THE MAJOR cause of death among patients with burns. 1 Delays in treating infections have been associated with inferior outcomes, necessitating the establishment of parameters that alert physicians to the potential presence of an infection. 2, 3 Temperature along with laboratory parameters such as white blood cell (WBC) count and neutrophil percentage or changes in these values are used as markers of probable infection and often trigger further evaluation. White blood cell counts greater than 12ϫ10 3 cells/mm 3 or less than 4 ϫ 10 3 cells/mm 3 are frequently used as laboratory markers portending possible underlying infectious processes. 4 Temperature elevations of importance are variably defined as 38°C for systemic inflammatory response system, 38.3°C for fever of unknown infection, 38.3°C or 38°C for more than 1 hour for neutropenic fevers, 38°C for hospitalor ventilator-associated pneumonia, and 38.3°C for intensive care unit (ICU) infection. [4] [5] [6] [7] [8] In surgical ICUs, 93% of patients meet the definition of systemic inflammatory response system sometime during their admission, which questions the utility of temperature and WBC counts (2 of the criteria for systemic inflammatory response system) as clinical parameters that assess for underlying infection. 9 There is conflicting data as to the utility of these parameters in burn, surgical, and medical patients. [10] [11] [12] [13] A recent prospective study revealed that routine postoperative body temperature elevations were not predictive of infection. 14 Those undergoing therapy for burns often have temperature and WBC count alterations due to infectious and noninfectious etiologies. In our study, we sought to investigate whether temperature, WBC count, and neutrophil percentage at the time cultures were obtained or changes in these values in the 24 hours prior could effectively predict positive blood cultures or etiology of bloodstream infections in an ICU burn population.
METHODS
An electronic medical records review was performed to identify patients with burns admitted from 2001 through 2004 to the US Army Institute of Surgical Research ICU. All patients who underwent blood culture were screened for the presence or absence of growth from the blood culture bottles. Because of access difficulty in most ICU burn patients, usual practice was to obtain blood cultures through central venous catheters, which are changed every 3 days, or arterial catheters, which are changed every 7 days. Indications for cultures typically include elevated temperatures, follow-up blood culture of previously bacteremic patients, and a clinician's impression that the patient had bacteremia manifested by unexplained hypotension or other organ deterioration, for example. Patient data included in this study were age, sex, total body surface area burned, and mortality. For each blood culture obtained, the temperature immediately preceding the collection of blood as well as the highest temperature in each 6-hour interval of the previous 24 hours was recorded. White blood cell count and neutrophil percentage (the differential most reflective of a bacterial or fungal infectious process) at the time nearest the blood culture and 24 hours prior to the culture were included in the evaluation. All blood cultures submitted within 2 hours of each other were grouped and evaluated as a single data point.
Logistic regression analysis was performed to compare the presence or absence of bloodstream infection by WBC count, neutrophil percentage, temperature, and time of collection. The Pearson 2 test was used to evaluate categorical values, and the Mann-Whitney test was used to assess noncategorical values. A 1-way nonparametric analysis of variance was used to disclose a difference in total body surface area burned or temperature at the time of blood culture based on the type of bacteria identified (none, gram positive, gram negative [but not mixed], or yeast) because of small numbers. Statistical significance was set at PϽ.01.
RESULTS
During the study period, 223 patients were admitted to the US Army Institute of Surgical Research ICU, meeting criteria for evaluation, and a total of 1063 blood culture sets were obtained ( Table 1) . Older individuals (47 years old vs 37 years; P=.03) with greater total body surface area burned (P =.001) had more positive blood cultures, but initial maximum temperatures were not different between those with and those without bloodstream infections. More extensive total body surface area burned was more predictive of gram-negative (PϽ.001) but not gram-positive (PϾ .05) bloodstream infection. Seventythree patients who had blood cultures obtained (32% of admitted patients) had microorganisms recovered in 140 blood cultures (13% of blood cultures). Gram-negative bacteremia was most commonly detected, with 80 cultures having gram-negative bacteria identified and 54 cultures having gram-positive bacteria identified ( Table 2) . Three cultures were mixed with gram-positive and gramnegative bacteria, and 3 cultures produced yeasts (Candida albicans [n=2] and Candida tropicalis [n=1]). No clinically significant anaerobic bacteria were isolated.
The temperature at the time of obtaining the blood culture along with the preceding highest temperature for each 6-hour interval in the previous 24 hours is shown in Table 3 . White blood cell count and neutrophil percentage at the time of obtaining the blood culture and the values 24 hours preceding the culture are also presented in Table 3 . Temperature and WBC count at the time of obtaining the blood culture were not predictive of bloodstream infection. In addition, temperature at the time of obtaining the blood culture was not predictive of the type of bacteremia, either gram negative or gram positive. Neutrophil percentage at the time of obtaining the blood culture was predictive of bloodstream infection (independent sample t test, P Ͻ.001); however, the difference in means between the presence or absence of bloodstream infection was only 3.1% (bacteremia [83.2%] vs no bacteremia [80.1%]). By logistic regression, temperature was not predictive of bloodstream infection, but WBC count and neutrophil percentage at the time of obtaining the blood culture were predictive of bloodstream infection. However, receiver operating characteristic curve analysis determined these parameters to be poor discriminators (area under the receiver operating characteristic curve = 0.624; 95% confidence interval, 0.569-0.679; PϽ.001) (Figure) . Nine blood cultures were associated with temperature recordings at the time of collection of 36.1°C or less, 2 of which revealed the presence of bacteria. Temperature recordings were greater than 40.0°C at the time of collection for 27 blood samples, 4 of which were positive for bacteria. 
COMMENT
Rapid identification and treatment of an infection is necessary to prevent excess morbidity and mortality. 2, 3 In an assessment of 223 patients with 1063 blood cultures, we were unable to establish temperature or change in temperature in the preceding 24 hours as a parameter that would be clinically useful in predicting bloodstream infection in burn patients in the ICU. White blood cell counts and neutrophil percentages at the time of collecting blood cultures were predictive of bloodstream infection statistically, but these parameters do not appear to be clinically significant.
Fever historically has been the primary clinical parameter used to screen patients for an underlying infection. Fever, whose role has not been clearly elucidated, is a complicated physiologic response to various insults, such as infection, cancer, medications, central nervous system lesion, and rheumatologic disorders. 15 Among patients taking medicine, a higher peak temperature was predictive of microbial infections and predictive of positive blood cultures. 16, 17 In a prospective study of postoperative patients, abnormal temperatures were not predictive of infection, potentially causing a false sense of security or anxiety, as patients were afebrile despite underlying infection and others were febrile without an underlying infectious process. 14 In some populations, such as patients in the ICU, the utility of temperature as a marker of infection or shock is hampered, because patients are often febrile despite not being infected. 18, 19 Burn injury causes systemic inflammatory response. The magnitude of the changes is roughly a function of burn size that is manifested by increased body temperature, increased WBC count, and increased metabolic rate, which makes diagnosis of infection in the burned patient more difficult. Among burned children, continuous 48-hour fevers have been associated with infection, but the fever peak was not predictive of infection. 10 In an evaluation of the utility of blood cultures in a burned adult population, the highest temperature elevation in the 24 hours before the culture was obtained was not predictive of bloodstream infection. 11 We expanded this evaluation by assessing the temperature at the time of culture and the maximal temperature for the 24 hours prior to obtaining the blood culture. Hypothermia has also been reported to be associated with excess mortality at temperatures below 38°C, with even greater impact when temperatures fall below 36°C.
20,21 Although we did not assess for hypothermia in the 24 hours prior to obtaining blood cultures, at the time blood cultures were obtained, we did not have enough patients with hypothermia to make any meaningful conclusions in our patient population.
The role of leukocytosis and neutrophilia in predicting bloodstream infection is also of questionable utility, as their etiologies are broad. They include infection, stress, medication, trauma, and abnormal bone marrow production. Among medical patients, WBC counts of 12ϫ10 3 /mm 3 or greater and neutrophilia of 80% or more provided the best discrimination between positive and negative blood cultures. 13 Neutrophils are the part of the differential of WBC counts that are typically the most reflective of bacterial and fungal infections. Among surgical patients, a WBC count of 11ϫ10 3 /mm 3 has been associated with a sensitivity of 0.55 and specificity of 0.38 in the detection of infection.
12 Twenty-two percent of bloodstream infections were not associated with a fever, 32% were not associated with an elevated WBC count, and 6% were not associated with either. Like ours, the study by Crabtree et al 12 was unable to detect an association between fever or WBC count and gram-positive or gram-negative bloodstream infection. In another adult burn population, the mean WBC count 24 hours prior to obtaining blood cultures was also not predictive of 11 Although WBC count and neutrophil percentage were statistically significant at the time of culture, the ability to discriminate between those with and without bloodstream infection is not possible on clinical grounds, because the values did not reflect clinically significant differences.
Limitations of our study include the retrospective evaluation without controlling for the indications for obtaining blood cultures; however, this did allow us to evaluate the same person across a variety of temperature values. It is also known that blood cultures have an associated contamination rate but also can fail to detect clinically significant bloodstream infection, possibly biasing the results. 21, 22 We elected to include all cultures as data points, even coagulase-negative Staphylococcus, because of the increased recognition of these organisms as true pathogens. It is also unclear what role asymptomatic bloodstream infection, which potentially occurs in up to 15% of burn patients undergoing wound manipulation, contributes to the findings of this study. 23, 24 Finally, we did not control for other infections such as pulmonary, gastrointestinal, and genitourinary infections, as these are nonsterile sites that limit our ability to clearly delineate colonization from infection. Given these limitations, our findings support many of the conclusions drawn from other patient populations (including medical, surgical, and burn patients), regarding parameters that might be clinically useful in predicting bloodstream infection.
Based on the findings of our study, temperature, WBC count, and neutrophil percentage-either at the time of obtaining blood cultures or during the previous 24 hours-are not reflective of bloodstream infection in a burn patient and should not be the sole criteria used to automatically trigger the collection of blood cultures. Further work needs to be performed to determine factors that more reliably predict bloodstream infection. 
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